There is a common belief that higher reproduction
Background and significance
previous literature has sought to understand how differences in reproductive rates impact population growth and the distribution of traits in the long-run (prESTON; CAmpBELL, 1993) . in a seminal paper published in 1986, David Lam called attention to the impact that differential demographic rates and population composition could have on the distribution of income. Using Brazil as an empirical example, he concluded that differential fertility and mobility have distinct effects on income distribution depending on which inequality measure is used (i.e. coefficient of variation or log variance of income). Lam's article sheds light on the "ambiguous" effects of differential fertility and population composition on inequality measures, and subsequent studies have demonstrated the same (CHU; JiANG, 1997; COWELL; JENKiNS, 1995; DE LA CrOiX; DOEpKE, 2003; JENKiNS, 1995; SHOrrOCKS; WAN, 2005) .
These articles suggest that in order to understand how inequality is created and maintained over time, one must address the relationship between income distribution and the reproductive behavior of particular income groups. One must examine the process by which a socioeconomically differentiated population reproduces itself (CHU; KOO, 1990; mArE, 1997) . This is important for two reasons.
first, because it has been argued that income inequalities in developing countries are caused by high population growth and that high population growth rates in most developing areas are due to the high reproductive rate of the poor (BrOCKErHOff; BrENNAN, 1998; KOO, 1990 KOO, , p.1135 KrEmEr; CHEN, 2002, p.228 ). for the same reproductive level, individuals will receive a smaller share of resources when income is low than when it is high. inequality results from this differential allocation of income, in which many people get few and few people get many. As a corollary, as class specific reproductive rates converge, inequality should decline.
Second, analyzing how different socioeconomic groups reproduce over time indicates their potential for future growth and elucidates how individual income classes combine to generate inequality in the total population. This type of analysis is relevant to evaluate the impact that distinct mortality and fertility regimes may have on the composition of poverty and income inequality. Although it is not surprising that the poor have higher birth rates than the middle and rich classes, this pattern does not necessarily imply in greater rates of growth since the poor are also subject to higher mortality rates. Thus, it is important to account for fertility and mortality rates corresponding to different levels of income in order to determine population growth.
Two studies investigated the relationship between class reproduction, poverty and inequality using empirical evidence from Brazil. Wood and Carvalho (1988) and Camarano and Beltrão (1995) estimated fertility, mortality, natural and intrinsic growth rates by household income in Brazil between 1960 and 1980 . The present investigation uses the studies mentioned as a point of reference to build knowledge, but it differs from them in three aspects. first, it provides recent estimates of age and income-specific fertility and mortality rates for Brazil in the past three censuses. Second, it offers side by side comparisons of mortality and fertility rates by income using alternative demographic methods that use the same data source. in particular, it estimates fertility using two different methods: Brass indirect method of fertility (e.g. p/f method) and the own children method (CHO; rETHErfOrD; CHOE, 1986) for estimating age-specific fertility rates. mortality is estimated by combining three indirect techniques: Brass indirect method of childhood mortality (BrASS et al. 1968 ), a variation of his method to adult mortality (HiLL; TrUSSELL, 1977) , and the Brass (1971) relational model based upon a logit transformation of Brazilian standard life tables. Third, it asks how much poverty and inequality would Brazil have had if the demographic conditions observed in past censuses had remained the same. in answering this counterfactual question, it demonstrates the role of demographic growth to the generation of poverty and income inequality. This article advances our understanding of the reproduction of inequality by providing current estimates of Brazilian reproductive rates from 1980 to 2000, by offering comparative estimates that rely on alternative and robust indirect demographic methods, and by isolating the effect of class-specific demographic rates on poverty and income inequality.
Data and methods
The variables required for the analysis were: age, sex, children ever born, children surviving, year and month of the most recent birth, orphan hood status and family income per person. The working dataset includes special tabulations of these variables for the 1980, 1991 and 2000 Brazilian Censuses produced by the Instituto Brasileiro de Geografia e Estatística (iBGE). Brazilian censuses are publicly available at the ipUmS international website (rUGGLES et al., 2004) . Unlike the vital registration system, census data contain a wide range of information about individuals such as 1 We use per head family income, which takes into account all the sources of income within the family, the number of people and the role of the family as a solidary unit of consumption and earnings (rOCHA, 2000) . family per head income "corrects" for family size as the total income is shared equally among all the family members (DATTA; mEErmAN, 1980) . A similar measure, per head household income, has also been utilized in other studies of inequality (fErrEirA; BArrOS, 1999; fiOriO, 2006; firpO; GONZAGA; NAriTA, 2003; pErO; SZErmAN, 2005) and provides similar results. Gross monthly family income per head is measured in January 2002 Brazilian reais. The Brazilian iNpC and iGp official consumer price index are used to convert current incomes into real ones (COrSEUiL; fOGUEL, 2002) . their income, educational attainment, family organization and composition, place of residence, number of children ever born and number of children who were alive at the date of the census. individual-level data can thus be utilized to generate demographic rates, specific to different socioeconomic groups of the population (WOOD; CArVALHO, 1988, p. 9) . mortality and fertility rates are estimated for three groups: poor, middle and rich classes. The poor class corresponds to 33 per cent of the population in the bottom of the income 1 distribution of 1980; the one per cent of the population at the top of the income distribution represents the richest; and the middle class is the remaining population in between. The poverty line is thus defined by the value separating 33 per cent of the population with lowest per head family income. 2 This value is low enough to avoid any controversies about who is poor and is compatible with the popular perception of what represents an "insufficient" income to survive. Using data from the Northeast and Southeast regions of Brazil, medeiros (2005, p. 120) reported that 83 per cent of the population considers the estimated poverty line of r$80.42 per head 3 as "insufficient to cover the living expenses (85%) and to purchase food (49%) for the family.
i n s u m m a r y, b e c a u s e o f i t s methodological simplicity, the three income classes are defined as:
• poor class: 33 per cent of the population at the bottom of the family per head income distribution in 1980. The value of r$80.42 is the upper limit of the poor class in 1980, 1991 and 2000;
• middle class: population between the 33 rd and 99 th percentiles of the income distribution;
• rich class: one per cent of the population at the top of the family per head income distribution. individuals with per head family income higher than r$2,374 are considered rich. This criterion considers medeiros´s suggestion (2005) of applying a distributive rule to define a "richness line", above which the sum of incomes held by the richest 1 percent of the population is identical to the amount held by the poorest 33 percent. Hypothetically, if the sum of resources retained by those above the 99 th percentile were transferred to those below the 33th percentile of the income distribution, poverty could be eliminated.
The main function of imaginary lines defining the poor and the rich is to discriminate broad but relatively homogeneous social groups to allow the study of their characteristics rather than to generate a criterion to implement and execute distributive public policies of any kind. in the absence of official and consensual definitions for what "economic classes" mean, it seems reasonable to avoid a series of contestable presuppositions and to understand the definition of class as a simple instrument required for an analytical end. it is preferable to adopt a criterion that is at the same time easy to implement, relevant to the object of study and compatible with previous studies than to struggle with alternative class schemes whose validity is debatable and at best conditioned on the goal of analysis.
Our definition of "social/economic class" follows a sociological agreement according to which social classes should characterize homogeneous groups, be meaningful for analytical purposes and relatively comparable over time (GrUSKY; SOrENSEN, 1998; HAUSEr; WArrEN, 1997; SOrENSEN, 1991; WriGHT, 1997; WriGHT, 2005 
Estimating fertility rates
income-specific fertility rates are calculated using indirect methods developed by Brass et al (1968) and the "own-children method" of fertility developed by Cho et al (1986) . The indirect method requires two types of information: (i) the number of children born in the past twelve months, which is a measure of current fertility, and (ii) the number of children ever born, or parity, which is retrospective information less subject to memory error. The current fertility rates of women 15-49 years old provide the age pattern of childbearing. But because of the effects of reference period error -women may not respond with the correct time span in mind when asked about the children born in the past twelve months -an adjustment must be made by a factor equal to p/f, where p is parity to women 20-29 years old or the observed children ever born values, and f is the sum of age-specific fertility rates for women of the same age. Given we expect births past year to be under reported, we expect "f" values to be lower than "p" values, so that the ratio p/f will be greater than one. The p/f ratio may be thought of as a correction factor that is applied to reported numbers of births in the past year, or to age-specific birth rates or total fertility rates calculated from these numbers of births, to estimate the corresponding true values 5 . The rates represent, therefore, the childbearing experience of women 20-29 years of age who had a given level of per head income on the census date.
The alternative to estimate incomespecific fertility rates is the own-children method. The advantage of this method is that it (i) provides detailed age-specific estimates by single years of age and any socioeconomic characteristic (i.e. income); (ii) only one census is required to generate estimates to even fifteen years prior to the census; (iii) the population does not have to be closed to migration, and (iv) the method is relatively insensitive to recall errors (fEENEY, 1975) . The logic of the method consists in estimating the number of women (denominator) and births (numerator) by age and age of mother in each year, who were living in the same family and who had a mother-child tie. Agespecific fertility rates can then be estimated by the division of the number of births by the mean number of women at each single year of age for each year preceding the census (CHO et al., 1986 (CHO et al., ). miranda-ribeiro (2007 applied the own-children method to estimate fertility rates in Brazil and its states in 1980, 1991 and 2000. She did not look at fertility differentials by income, but her results for the entire country are reassuring because they are similar to the ones reported in the present study.
After cross validating fertility estimates using these two methods, final estimates of class-specific fertility were obtained by averaging the rates in 1980, 1991 and 2000 . Averaging the rates helps to dissolve any error of estimates caused by the violation of assumptions implicit in the techniques. Age specific fertility rates are estimated for intercensual periods (1985 and 1995) by linearly interpolating age-class-specific fertility rates between two census periods.
Estimating mortality rates
The estimation of income-specific life expectancies requires the calculation of life tables for each income category (poor, middle, rich). To retrieve these tables we combine estimates of infant and adult mortality using the logit relational system suggested by Brass (1971) . The relational model consists in combining income specific mortality estimates by age with a previously defined general mortality standard describing the mortality experience of that population at every age. in this analysis we utilize Brazilian standards of mortality in combination with indirect estimates of adult and child mortality to retrieve five-year life tables for each income class.
Brass' method of indirect child mortality estimation is based on the number of children ever born and the number of children surviving by age of mother (BrASS et al., 1968) . "The proportion of children surviving among children ever born to women aged 20-24, 25-29 and 30-34, when multiplied by the proper correction factors, yields estimates of the probability of death at exact ages 2, 3 and 5. These values correspond to the x q 0 life table function (in this case 2 q 0 , 3 q 0 , 5 q 0 )" (WOOD; CArVALHO, 1988, p. 263) . infant mortality estimates represent the first component towards the estimation of a full income specific life table.
The other component utilized to retrieve a full life table is an estimate of how mortality will look at older age cohorts. The logic of the method is similar to the one utilized in childhood mortality estimates but consists in converting non-orphaned proportions into conventional probabilities of surviving. The details of the method are provided by Hill and Trussell (1977) and summarized by preston, Heuveline and Guillot (2001, p. 233-237) .
Estimated values of child and adult mortality are representative indicators of mortality levels for different ages (i.e. different cohorts born in different years) and are associated with a full life table that can be obtained in combination with a predefined mortality pattern for both sexes. The selected mortality pattern reflects the mortality experience in the general Brazilian population, but the final specific mortality standard reflects the mortality experience of each income class since it is adjusted by estimated levels of child and adult mortality calculated through indirect methods. So even if the income specific mortality pattern departs from the Brazilian one, this would not invalidate the primary focus of analysis, which is on relative differences between income groups rather than on absolute levels of mortality. The combination of child and adult mortality estimates with the general Brazilian standards guarantees that differences in mortality levels will exist even when the standard employed to combine these estimates is the same.
The main caution on using mortality estimates by income classes is that survival probabilities can be distorted if mobility took place from one level of income to another. A woman may have been recorded as belonging to income class (i+1) in 1990, but if she was upwardly mobile in the past ten years or so, the mortality of her children could correspond in reality to income level (i) (given the retrospective nature of the child mortality measure). This bias, however, is minimized with fewer income categories. The use of only three income categories (poor, middle and rich) decreases the susceptibility of mortality estimates to this mobility bias. more disaggregated estimates of mortality are more likely to be influenced by the mobility bias, and should be interpreted with this caveat in mind.
Population projections by age and income class
The projection of the poor, middle and rich classes utilizes the set of fertility and mortality rates estimated for these same classes. The projections are divided by five year age groups and income classes, but they are not separated by sex. They also assume that each income class is closed to international migration and to internal migration, that is, the mobility of individuals between classes is not taken into account in the projection models. Since the economic status of individuals is likely to change over their life cycle, we do not expect to obtain projections that are compatible with what is actually reported at the end of the projection period. The goal of this exercise is to show how a population would look "if only" fertility and mortality were influencing population dynamics. projecting the size of income classes with only fertility and mortality rates is a valid exercise to inform and highlight the separate roles of social mobility and differential fertility and mortality in affecting future population growth. Therefore, only differential fertility and mortality rates are considered in the dynamics of growth and distribution of the poor, middle and rich classes. Comparing projected and reported populations will show how much social mobility influences the size of specific income classes.
We utilize the cohort component method to project income subgroups with specific fertility and mortality changes over time in each class. The parameters of the cohort component method are expressed in the compact Leslie matrix form (LESLiE, 1945) . To illustrate how fertility and mortality of specific income classes can be expressed in the matrix form we provide an example for a single population and then we show how it can be adapted to combine the three subpopulations of interest.
According to rogers (1968) , for a single population, the general model surviving an age distribution forward through time may be expressed by a summation of multiplication of matrices according to the equation below:
in this block matrix model, the poor, middle and rich subpopulations have their own set of fertility and mortality parameters, which are represented in Leslie matrices S. The asterisk indicates that the population projected five years later does not take into account mobility. External migration and mobility (or interclass migrations) are not considered in this projection matrix. The population projection scheme illustrating population dynamics over time is represented by the multiregional Leslie matrix for three classes: poor, middle and rich.
Results
This section presents three sets of results. The first set describes class-specific fertility and mortality estimates for 1980, 1991 and 2000 using the methods suggested above. The second set introduces class specific net reproduction (Nrr) and stable growth rates. The third set of results compares class specific projected and recorded populations between 1980 and 1990, and between 1990 and 2000 under realistic scenarios of decline in total fertility and mortality rates. Each class specific projection assumes that total fertility has linearly declined over the decade. We average class specific life tables of 1980 and 1991 for the projection between 1980 and 1990. Similarly, the projection between 1990 and 2000 assumes that mortality has remained constant and is represented by the average life table of 1990 and 2000.
Age-specific fertility rates by year and income class
Total fertility rates (Tfr) are a useful measure because they remove the influence of differences in age structures between different populations. fertility estimates using Brass' indirect method are similar to the ones using the own-children method. Graph 2 depicts age specific fertility rates for women at Where: w r t = population in the rth age group at time t; b r = number of births surviving to the t+1 in the rth childbearing age group; d r = proportion of people who "survived" between ages r and r+1st between t and t+1. m i = net migration/mobility rate for the ith age group. Survivorship ratios are stored in the lower diagonal while the average fertility rate for each age group required to survive resulting births are expressed in the first row. Disaggregating the total population into three subpopulations, w t = w 1 t + w 2 t + w 3 t and assuming that there is no external migration and no population exchanges between the three subpopulations (e.g. M = 0), we may express the fundamental model of population projection for a closed system with three groups as:
reproductive ages in 1980, 1991 and 2000 by income class and in the total population. The dotted line represents the Brazilian standard of fertility, the traced line corresponds to a third estimate of fertility using mortara's (1949) method, and the line marked by little circles corresponds to the average fertility of Brass' indirect method and the own children method. The estimates using mortara's methods were not considered in the calculation of the average fertility because they are not compatible or close to the other results. Graph 2 shows two reassuring results. first, the fertility of the poor is above the average Brazilian standard while the fertility of the rich is way below it. in 1980, the average number of children born to women in the poor class was more than two-fold the total fertility of the middle class, while the fertility of the rich was almost one third of the middle class fertility. Second, the fertility estimates for the entire country are close to the official Brazilian census estimates and also similar to the estimates by mirandaribeiro (2007), who estimated total fertility rates equal to 4 children in 1980; 2.71 in 1991; and 2.21 children in 2000. The fact that our sample considers only individuals who had valid values of income might explain the small differences between their estimates and ours. 6 The other picture emerging from these estimates shows the speed at which fertility fell in each income class between 1980 and 2000. The decline is particularly evident in the case of the poor class, where total fertility shifted from 6.53 to 3.78 children 6 Age-specific fertility rates for each income class and for Brazil as a whole are in Appendix A.
GRAPH 2
Age-specific fertility rates by income class Brazil -1980 Brazil - -2000 for every poor woman. in the rich class the decline also happened despite the fact that this class already had levels of fertility below replacement in 1980. Average fertility in the rich class declined from 1.07 to 0.57 between 1980 and 2000.
Age-specific mortality by year and income class
Life expectancies at birth in Brazil were equal to 62 years in 1980 and increased to 66, ten years later. in 2000, life expectancy at birth increased even more, shifting to 70.4 years according to iBGE official estimates. Overall, life expectancies over the life cycle were very similar for middle and poor classes. in contrast, the rich class had a much lower mortality in all age groups, although there is some noticeable convergence at older ages. in 2000, the difference between life expectancies became more evident as the gap between poor and rich classes increased and the gap between middle and rich classes decreased. This result is visually noticeable in Graph 3. 7 7 Life expectancies and other parameters of the period life table by income class and for Brazil as a whole are available in Appendixes B and C. The mortality gap in life expectancies at birth between poor and rich classes, which was already large in 1980 -13.6 years -increased even more in 2000, shifting to 14.3 years. This increase is due to the fact that mortality decreased more among the rich than in the poor class during this period. While the life expectancy at birth of the poor increased 5.9 years between 1980 and 2000, the life expectancy of the rich increased 6.6 years. most of these gains in survivorship happened in the first year of life, regardless of social class. The mortality of children below one year of age fell from 135 deaths in 1950, to 63 in 1980, 42.5 in 1990 and 34 deaths for every thousand children born alive in 2000 (UNiTED NATiONS, 2008) . Gains in life expectancy in other ages were more significant for the middle class in 2000.
Net reproduction and intrinsic growth rates by year and income class
This section introduces reproduction measures and the intrinsic growth rate of groups belonging to different income classes in 1980, 1991 and 2000. The most important demographic measure of reproduction is the net reproduction rate (Nrr), which takes mortality into account to indicate how successive generations replace themselves. it is "the average number of daughters that female members of a birth cohort would bear during their reproductive life span if they were subject to the observed age-specific maternity and mortality rates throughout their lifetimes" (prESTON et al., 2001 ). These net rates indicate whether the female population is reproducing or replacing itself, and is usually a good indicator of how fertility and mortality combine to define population dynamics. Net reproduction rates greater than one mean that a cohort of baby girls will give birth to a generation of daughters larger than their own. in this case the population more than replaces itself from natural increase across consecutive generations. A Nrr of one implies that a female population is replacing itself, and a Nrr below one indicates that the female population will shrink in size over time if fertility and mortality remain stable over time.
The second term introduced in this section is the intrinsic or stable growth rate. The intrinsic growth rate measures how much the population would grow if current fertility and mortality patterns were to prevail in the future. it represents the annual growth rate that will eventually apply if fertility and mortality remain constant over time. shows intrinsic growth rates, crude rates of natural increase, and net reproduction rates for the poor, middle and rich classes in 1980, 1991 and 2000. Table 1 shows that 1990 is the year when the Brazilian middle class would have made a transition to replacement if only fertility and mortality were contributing to the growth of this socioeconomic class (e.g. without considering social mobility between income classes). in 1990 the Nrr of the middle class was equal to 0.903 daughters per woman. The rich class continued to decline, with a Nrr much lower than 1 (0.386). in contrast, the poor was the only class that was more than replacing itself between 1980 and 2000, although this rate of replacement substantially declined from 2.76 in 1980 to 1.69 in 2000, representing a decline of 39 per cent.
The discrepancy between intrinsic and crude rates of natural increase indicates how close these populations are from stability. Large disparities between these rates mean that large changes in fertility and/or mortality have occurred in the histories of these populations. if the difference between natural and intrinsic growth is smaller, then past changes in mortality and fertility have not destabilized these population structures. Overall, all income classes have had positive growth since the 1980s, but if mortality and fertility remain stable, rich and middle classes will eventually decline. Table 1 shows that the difference between intrinsic (r) and crude rates of natural increase (CRNI) is larger for the richest share of the population, which indicates that past changes in fertility and mortality have been more important in affecting the age structure of the rich than of other social classes. The rate of natural increase would eventually fall and become negative for the rich and middle classes if mortality and fertility conditions of 1990 and 2000 were maintained in the future. in other words, if current demographic rates were to prevail as observed in 1990 or 2000, the mortality component would dominate the growth dynamics of the middle and rich classes, and as a result these subpopulations would decrease and eventually head to extinction.
Stable population scenarios such as the ones described in this section are an important tool to evaluate how populations will change if fertility and mortality remain constant over a long time period -about 100 years. for more immediate scenarios, it is perhaps more useful to examine how the population would look had fertility or mortality changed or remained constant for a shorter period of time. projections offer an alternative to validate demographic estimates and infer the impact of fertility and mortality in a given period of time according to certain assumptions. The next section introduces demographic projections to demonstrate how the poor, middle and rich classes would grow if mortality and fertility were the only forces acting in population dynamics.
Demographic projections by income class.
projections are useful to analyze the effects of a set of demographic parameters for population size, composition, and growth. population projections illustrate the implications of certain demographic characteristics -assumptions about the future course of fertility and mortalityon future population development and parameters over time. The goal of this section is to establish an empirical link between fertility, mortality and reproduction to show how class specific populations would have grown if only mortality and fertility estimated between 1980 and 2000 were dictating the growth dynamics of the poor, middle and rich classes.
The first things to consider in demographic projections are the assumptions of fertility and mortality for the projection period. The level and structure of mortality adopted in the projections reflect the average life table of each period. for the projection from 1980 to 1990, we apply the average life table of these years, and for the projection period between 1990 and 2000 we use the average life tables of 1990 and 2000. The assumption behind these estimates is that mortality will hold constant and equal to the average life table over each one of these decades. in the case of fertility, we allow a gradual and linear decline for each projection period of five years. fertility and mortality for the poor, middle, and rich classes are reported in Table  2 , where we also show the assumptions for the projection of the total population.
The first projection period, from 1980 to 1985, assumes total fertility rate equal to 6.53 children per women and life expectancy at birth equal to 60.93 years for the poor class. in the subsequent projection period, from 1985 to 1990, the mortality assumption remains the same, but total fertility rate declines to 5.40 children. This decline accommodates a more realistic scenario for the decade than assuming constant fertility over time. The resulting projections for the total population and for subpopulations by income class are in the graph below.
Graph 4 shows that the total projected population and the projection resulting from the sum of individual income class projections are very similar. The projections for the total population are accurate and in fact have a smaller error than the official projections conducted by iBGE (OLiVEirA; ALBUQUErQUE; LiNS, 2004) . The small differences between projected and observed populations are due to international migration. By looking at class specific projections the following conclusions emerge:
• Overall, the projections by income class are not as accurate as the projection for the total population. The discrepancy between projected and observed populations is mostly due to social mobility between income classes. Given migration between classes (e.g. social mobility) is not considered in the projection models, projected and observed populations by class differ. So comparing observed and projected populations allows one to anticipate what was the contribution of social mobility to the growth of income specific social classes;
• The projection of the middle class is the closest to what was observed because this class also represents the largest share of the total population. in contrast, the projection of the rich class deviates from what was observed because it accounts for only one per cent of the total population. As a result, the projection of the rich class has a larger margin of error than the projection of the poor and middle classes;
• The projection of the poor class underestimates the growth of this class during the 1980s because a significant share of the population was moving into this class as a result of unfavorable economic circumstances. During the 1990s, the size of the poor class is overestimated in the projections because a significant share of the population left the "state of poverty" mainly as a result of multiple anti-inflationary plans and the modernization of the economy.
• The projections overestimated the growth of the middle class in the 1980s and underestimated it in the 1990s. During the Brazilian "lost decade" many people moved from the middle to the poor class, and these moves are not captured or reflected by the fertility or mortality assumptions of the projection model. As a result, the projected middle class is larger than it actually was in 1990. in contrast, the projection of this class was underestimated in the 1990s. The share of the middle class in the total population expanded from 62 per cent in 1990 to 72 per cent in 2000, but this increase was not fully captured by the projection assumptions. The improvement in the economic condition of the poor class in the 1990s is not reflected in the population projections of the middle class;
• The rich class was underestimated in both projection periods. The size of the rich class is larger than the predicted for two reasons: first, because unfavorable inflationary shocks affecting the vast majority of the population in the 1980s did not have the same effect on the richest one per cent share of the Brazilian population. Because of their easier access to financial and physical investments, the rich were less vulnerable to adverse economic shocks than those at the bottom of the income distribution. Second, because the rich class represents only one per cent of the population, the fertility and mortality assumptions adopted in the projections are more vulnerable to changes over the period than in classes where the share of the population is larger and consequently more stable over time. The lesson is simple and well known to demographers: small populations and populations of small areas are hard to project with only fertility and mortality because they usually are very exposed to migration flows. This is exactly what the rich class represents in the projection context: a small share of the population that is heavily affected by the entrance of individuals from middle and poor classes who have faced upward mobility and who became part of the rich class during the 1980s and 1990s.
The impact of demography on poverty and inequality
One strategy to measure the impact of differential demographic rates over the size, composition and growth of specific income classes consists of comparing projected and observed populations in 1990 and 2000. Table 3 shows how much the poor population would increase under the assumptions of fertility and mortality adopted in the projections.
The second column of Table 3 shows that the poor population would increase by (1) The proportion of the poor in the total population includes individuals whose income was missing or equal to zero.
(2) Compares the age structure of projected and observed populations to the age structure of the baseline population/ maximum value is 1 and minimum is 0 when the vectors are identical. 35 per cent between 1980 and 1990 and account for 37 per cent of the total population if fertility and mortality were the only factors influencing the growth dynamics of the poor. Overall, the projection underestimates the census population by five per cent. if social mobility to and from the poor class had been taken into account, the projection of the poor population would have the same size as the observed poor population, described in column 3. in contrast, the population projected in 2000 is overestimated by 40 per cent. if upward mobility had not been so intense in the 1990s, the poor population would have increased by 28 per cent and would account for about 42 per cent of the total population. The last row of Table 3 reports Keyfitz's ∆, which is a standard measure of the distance between probability vectors representing the proportion of the population in different ages. 8 it indicates how different the age structures of projected and observed censual populations are in relation to the projection baseline. Overall, the age structure at the baseline is more similar to the age structure of the observed than to the projected populations. The internal structure of the population is less similar to the age structure observed ten years earlier when social mobility is absent from the model. This result is also confirmed by Graph 4, which shows a detailed comparison between observed and projected populations by age.
Population impact on income inequality
The impact of differential demographic growth on inequality involves two variables: income and population. The effect of demographic growth on inequality requires assumptions of independence between population and income and the establishment of rules dictating a behavior for the relationship between income and population. Since income inequality is not only a function of population, but also a function of how incomes are distributed among its members, in order to calculate income inequality and evaluate the role of demography we assume two counterfactual scenarios for income: in the first scenario the mean level of income remains the same as in the baseline of the projection. in the second scenario, the level of income is assumed to be the same as in the observed population at the end of the projection period. in both scenarios we used the projected population share in each income class to build the inequality counterfactuals. The aim of these simulations is to demonstrate how much inequality would change if populations shares of the poor, middle and rich classes were identical to those provided by the projections, while keeping class specific levels of income at their mean values in a given year. The results of these simulations are in Table 4 . Table 4 demonstrates how GE(0), the mean log deviation of income, is mostly a consequence of differences between the mean income of the class partition than of differences in the distribution of income within income classes. it also shows how inequality would change under different combinations of population and income. The first row, for instance, indicates that if the projected population in 1990 was combined with the income level of 1980, total inequality would be five per cent higher (0.83) than in 1991 (0.786). Using the mean level of income of 1991 in the simulation, inequality is only 0.54 per cent lower than in 1991 (0.786 and 0.7909, respectively) . Ceteris paribus, this result suggests that income inequality should have been slightly lower in 1991 if mortality and fertility were the only components dictating the population dynamics of the period. The simulated level of inequality (0.78) would still be higher than in 1980 (0.72, not reported), but it would be lower than the inequality generated by mortality, fertility and mobility in 1991 (0.79). The evidence in Table 4 suggests that income inequality moves in the same direction as the size of the poor population. in 1991, simulated income inequality and the projected poor population are lower than what was observed. in 2000, the opposite happened: the projected poor population was overestimated and so was inequality. The social mobility happening in the 1980s, mostly from the middle to the poor class, helped to increase income inequality in 1990, from 0.78 to 0.79. in the 1990s, there was a shift in this trend since there were more people moving out of the poor class than into it. As a result of upward mobility, income inequality decreased by 29 per cent (from 1.09 to 0.77). Overall, the impact of net social mobility on inequality was stronger in the 1990s than in the 1980s.
Summary and conclusion
This study answered the following questions: 1) what are the fertility and mortality rates of socially distinct economic groups? 2) How much would the poor, middle and rich classes grow under the demographic conditions of the 1980s and 1990s? 3) How would poverty and income inequality change under these demographic circumstances?
The evidence answering the first question shows that the fertility gap between the poor and rich classes was 3.2 children in 2000, despite the fast decline of fertility in the poor class during the 1980s. The total fertility rate (1) GE (0) = Theil-L index = mean log deviation = , where n is the number of individuals in the sample, y i is the income of individual i, i ∈ (1,2,…,n) and is the arithmetic mean income. The inequality index GE (0) gives slightly more weight to distances between incomes in the lower tail. Total inequality (i) can then be expressed as a direct sum of between (i B ) and within (i W ) inequalities, i= i W + i B . for each class of generalized inequality index, within and between inequalities are defined as:
, where is the population share and is the mean income of each subgroup j, j= poor, middle, rich, relative to that of the whole population. The first term represents within inequality and is simply the sum of subgroup inequalities weighted by population and the relative mean income shares. The second term, inequality between subgroups, reflects differences in the subpopulation means. in decompositions by income class this term corresponds to the pure "class effect". of the poor shifted from 6.53 to 3.78 children between 1980 and 2000, while in the rich class it shifted from 1.07 to 0.57 during the same period. mortality also declined in all classes and contributed to increase life expectancy. The gains in life expectancy at birth were more evident in the middle class, where one could expect to live 62.4 in 1980 and 71 years in 2000 -a gain of almost 9 years. The rich had a gain of 6.6 years during this same period (73.1 to 79.7 years), and the poor had a gain of about 6 years in life expectancy at birth between 1980 and 2000 (from 59.5 to 65.4 years). This differential increase in life expectancy at birth contributed to increase the mortality gap between poor and rich classes from 13.6 to 14.3 expected years of life.
Combining fertility and mortality produces net reproduction rates for each income class. These rates indicate that most population growth is due to the reproduction of the poor class, where the Nrr was equal to 2.76 in 1980 and 1.69 in 2000. in the middle class it has been below replacement since 1990 and in the rich, since prior to 1980. The rich class also is the one with the most unstable growth. Since the difference between intrinsic and crude rates of natural increase is larger for the richest share of the population, past changes in fertility and mortality have been more important in affecting the age structure of the rich than of the middle and poor classes.
The answer to the second question derives from demographic projections. The multi-and single-state projections of the total population provide similar results. The projection of class specific populations, however, differs from what was expected because the cohort-component projection method does not take into account the mobility of individuals between income classes and international migration. While the effect of international migration has little effect on the projections, the entrance of individuals into the poor class (e.g. downward social mobility) in the 1980s contributed to increase the size of the poor population. As this mobility is not considered in the projections, the size of the poor population is underestimated in 1990. By this same logic, the projected poor population is overestimated in 2000 because of the intense exit (e.g. upward mobility) of people from the poor class in the 1990s, a period marked by intense anti-inflationary plans and industrialization. most of these population exchanges occurred between middle and poor classes since the rich group accounted for only a small share of the total population (roughly one per cent). Because of its small participation in the total population, the rich is the most unstable group and the hardest to project. The rich population was underestimated in both projection periods because thousands of individuals moved into the rich class in the 1980s and 1990s.
The projection exercise also answers the third question. if the fertility and mortality values estimated in 1980 and 1990 were the only forces contributing to the demographic dynamics of the period, the poor population would have increased by 35 per cent instead of 43 per cent, which was the real growth between 1980 and 1990 . Between 1990 and 2000 the poor would have increased by 28 per cent due to demographic forces. However, because this was also a period of intense upward social mobility from the poor to other classes, the poor class shrank. The actual size of the poor group in 2000 was 91 per cent of the one observed ten years earlier.
The projection approach allowed the construction of counterfactual scenarios to measure how income inequality would have changed if projected populations were used in the measurement of inequality. Ceteris paribus, income inequality would be slightly lower (0.78 versus 0.79) in 1991 if the population had grown only according to mortality and fertility. in contrast, income inequality in 2000 would have been higher than what was actually observed in the census count if the population had followed the path defined by the demographic assumptions of the model (1.09 versus 0.77). This evidence corroborates the following conclusions about the role of social mobility: a) in the 1980s, the downward mobility to the poor class helped to increase the level of income inequality in 1990 from 0.78 to 0.79; b) in the 1990s, upward mobility, especially from the poor to the middle class, helped to alleviate income inequality, from 1.09 to 0.77. in brief, the impact of social mobility on income inequality was more intense in the 1990s than in the 1980s. These conclusions, however, are valid only to the extent that the mortality and fertility estimates from which they derive are precise. Since classspecific projections are a direct result of the estimates of fertility and mortality obtained through indirect demographic methods, the validity of the conclusions described here is also conditioned to the accuracy and robustness of the methods. The impact of these estimates on the net mobility is that, if class-specific fertility was underestimated, the level of mobility to that class, in the first age-groups, will be exaggerated. And if class-specific mortality is underestimated, social mobility into that class would look smaller than it actually was if mortality had been accurately measured.
in the absence of alternative methods, comparable and better data to validate estimates, it is impossible to precise the size of bias included in the estimates of fertility and mortality. All the information available in the Brazilian censuses was used to generate and validate the demographic parameters of class-specific fertility and mortality. moreover, the indirect methods employed in the analysis are well known and recognized among demographers as the best option to measure fertility and mortality rates in the absence of directly observable data. Total estimates of fertility and mortality for Brazil as a whole are similar to those provided by iBGE and close to the ones in the literature (mirANDA-riBEirO, 2007) . Despite the intrinsic uncertainties of the method, we believe that the estimates are as good as they could get given the current tools of Demography.
All the results and conclusions presented in this study assume that fertility and mortality are the only forces affecting the dynamics of growth of income specific classes. This restrained analysis is useful because it portrays population growth in the absence of social mobility. future research, however, should take a closer look at the influence of mobility on population growth and calculate how the poor, middle and rich classes have changed their sizes when they are allowed to move between these three groups. it would be interesting to investigate the net reproduction rate, life expectancies and stable growth rates when mobility becomes an explicit component of the demographic dynamics.
sobre o tamanho, a composição e o crescimento de classes específicas de renda e sobre a distribuição de renda a partir de projeções populacionais e traz análises de populações estáveis para demonstrar as implicações de longo prazo causadas pela manutenção ou alteração dos padrões demográficos correntes sobre a composição da pobreza e da desigualdade.
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Resumen

Dinámica demográfica de la pobreza y la desigualdad de renta: el caso de Brasil
Existe una creencia muy extendida de que unas mayores tasas de reproducción de los pobres aumentarían los niveles medios de pobreza, causarían un aumento de la desigualdad, mitigarían el desarrollo económico y reducirían la movilidad social ascendente. para comprobar estas hipótesis, el presente estudio utilizó datos de los censos brasileños de 1980, 1991 
